Introduction
Global surface temperatures have increased about 0.74 ∘ C since the late nineteenth century, and the linear trend for the past fifty years of 0.13 ∘ C per decade is nearly twice that for the past hundred years [1] . As a consequence, snow extent and sea ice are projected to decrease further in the northern hemisphere, and glaciers and ice caps are expected to continue to retreat, resulting in dramatic impacts on polar and alpine environments. In these habitats, many plants and animals have already responded to this change by advancing their annual cycles [2] , by modifying their distribution and the composition of communities [3] . In addition, during the last decades, human pressure on alpine wildlife habitats has significantly increased [4] . Areas above the timberline are most attractive for tourism, and disturbance by human leisure activities is considered one of the most serious threats to alpine species [5] . Moreover, the progressive abandonment of traditional farming practices as well as afforestations of high-altitude areas results in an upward advance of timberline posing serious threats to alpine and subalpine species adapted to cold habitats [6] .
Among them, postglacial relict species belonging to Galliformes order such as rock partridge (Alectoris graeca saxatilis), a member of the Phasianidae family, black grouse (Tetrao tetrix tetrix), and alpine rock ptarmigan (Lagopus mutus helveticus) have recently suffered a serious numerical decline. Nowadays, in the whole Italian Alps, rock partridge population consists of 10,000-20,000 bird pairs, and those of black grouse and alpine rock ptarmigan consist of 26,000-32,000 and 5,000-8,000 individuals, respectively [7] [8] [9] . The conservation status of these species has changed in few years and, at the present time aims to preserve species and their habitats. Rock partridge and alpine rock ptarmigan are also listed in the National Red Data Book of several European countries. In the Italian Alps, the rock partridge inhabits mountain ranges situated at elevations between 200 and 2,600 m above sea level (a.s.l.); black grouse lives at altitudes between 800 and 2,300 m a.s.l. and alpine rock ptarmigan at 1,550-3,500 m a.s.l. These wide altitude ranges are given by seasonal vertical migrations made for feeding, reproduction, and withstanding adverse climate conditions. In the nonreproductive period, during autumn and winter, alpine Phasianidae and Tetraonidae species are gregarious and congregate in monosexual groups (e.g., black grouse) or in flocks of males and females (e.g., alpine rock ptarmigan and rock partridge).
Taking into account the great conservation concern of these alpine species and the growing interest to assess the role of infectious diseases in global species loss [10, 11] , the objective of this study was to determine whether avian influenza viruses (AIV) were present in land-based birds. This group, belonging to Galliformes order, includes the species under study, chickens, quails, pheasants, and other minor poultry species considered to be potential intermediaries in the emergence of new strains of AIVs acting as potential disseminators of avian-mammalian reassortant viruses [12, 13] . Although the mechanisms of circulation of AIVs in the domestic Galliformes are well known, little and contrasting information is available about AIV ecology in free-living Galliformes populations.
In order to estimate whether threatened alpine species such as rock partridge, black grouse, and alpine rock ptarmigan may be involved in AIV ecology, we studied these birds during the postreproductive period when (1) these species show a gregarious behaviour with an increase in interaction and AIV transmission between different flocks and (2) the peak in AIV prevalence related to the large number of young immunologically naïve birds is expected. (Figure 1 ). The signalment (species, sex, and age), the sampling location, and the altitude were recorded by the rangers involved (Table 1) . Cloacal swabs were collected from 11 rock partridges, 45 black grouses, and 23 alpine rock ptarmigans, put in virus transport medium consisting of phosphate-buffered saline with antibiotics and glycerol (1 : 1), and stored at −20 ∘ C until laboratory testing could be conducted.
Material and Methods

Sample Collections
During the period of 2001-2006, in the Sondrio Province were estimated 1628 individuals of rock partridge, 2809 individuals of black grouse, and 1137 individuals of alpine rock ptarmigan [14] . Taking into account these estimation sizes, our sampling represented the 0.7%, 1.6%, and 2% of rock partridge, black grouse, and alpine rock ptarmigan population of the Sondrio Province, respectively. As a result of further populations decline, in last years, hunting has been banned or severely restricted in many areas of the Italian Alps.
Viral Analysis.
To detect AIV we used a very sensitive and accurate one-step reverse transcription-(RT-) PCR detecting the matrix (M) gene of influenza A virus [15] . Pools of five cloacal samples were prepared and processed as previously described [16] ; a positive control and two negative controls were included.
RNA extraction was conducted by using a QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's recommendations. Samples were amplified in one-step RT-PCR and amplicons were separated by gel electrophoresis through a 2% (w/v) agarose gel, stained with GelRed (Biotium Inc., Hayward, CA), and analysed by a GelDoc-It quantitative imaging system (UVP, LCC Upland, CA).
Results and Discussion
During the study, a total of 79 cloacal swabs were collected from rock partridge, black grouse, and alpine rock ptarmigan in the Italian Alps. Samples tested using a very sensitive RT-PCR targeting the M gene gave negative results, indicating that no AIV could be detected in these Phasianidae and Tetraonidae species examined in two consecutive post-breeding seasons (Table 1) . Positive and negative control samples revealed appropriate product and no product, respectively, indicating correctly performed molecular processes (correct PCR conditions and no RNA contaminations).
Although AIV infections were described in pheasants reared in Italy (Phasianus colchicus) during limited outbreaks [17] or associated with severe poultry epidemics [18] , the occurrence of AIV infection in free-living Galliformes species was sporadically reported in pheasants in Europe [19] and in rock partridges in Israel [20] . Several studies described that turkeys, pheasants, Japanese quails, and redlegged partridges, belonging to Phasianidae family, are more susceptible than chickens to AIV infection transmitted from free-living aquatic birds [13, 21] . Furthermore, experimental infections showed that highly pathogenic (HP) AIVs could cause specific clinical signs and mortality in the abovementioned species [21, 22] and that pheasants are long-term shedders of low pathogenic AIV [23, 24] .
In addition to the AIV susceptibility demonstrated in Galliformes species closely related to those examined in the present study, other ecological factors could facilitate the potential AIV circulation. In particular, the increased bird flock density related to their gregarious behaviour in the postbreeding period, the presence in these groups of juvenile birds more susceptible than adults to the infection [25] , and the autumn vertical migrations which increase the opportunities of contact with other cospecific wild or domestic birds living at a much lower altitude may enhance AIV population exposure. In addition, humid weather and cool temperatures, typical of alpine habitats, may contribute to environmental survival of the virus [26, 27] allowing possible new infections for a long period of time.
In such a context, the virological absence of AIV detection in these populations could be explained taking into account that the opportunities of interaction in shared water sources with potentially infected migratory reservoir species are very low [13] . Hence, we may exclude the possible circulation and spread of the AIVs within these wild Galliformes populations during the periods when the peak in AIV prevalence is expected. However, having no such possibility to carry out serological investigation, we cannot rule out that single, accidental infections might occur in breeding season, when the species is monogamous and cocks use large home ranges, as observed in the Italian Alps [28] .
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Although a recent epidemiological theory [29] predicts that one of the most commonly cited factors for diseaseinduced extinction is the presence, in the same territory, of threatened population and reservoir hosts species, other theoretical mechanisms that could produce disease-induced extinction are small preepidemic population size of the endangered species and long-term survival of the infectious agent in the abiotic environment.
In addition to these specific circumstances, as observed in other threatened species [30] , the combination of potential population decline causes, such as the exposure of host population to HPAIV [31] and the introduction of domestic or wild AIV-carrier birds [32] , possibly related to animal release for restocking purposes [11] could represent a health risk for these endangered relict species exposing them to so far unencountered infections, with unknown consequences for the species survival. Although host species should preferably be sampled in large numbers to get estimates reflecting the true prevalence, for small populations of elusive species living in areas that are often difficult to access [33] , this is not possible. To our knowledge this study, even if limited in number, represents the first research of AIV infection in alpine Galliformes species.
